In the present paper, the biosorption capacity of an indigenous seaweed Enteromorpha sp. was assessed and compared for nickel(II) and cadmium(II) removal from aqueous solution. Response surface methodology based on Box-Behnken design was employed to achieve the optimum removal conditions as well as investigating the effects of some independent variables on the process 
INTRODUCTION
The presence of heavy metals in the environment is a major concern because of their toxicity and threat to human life and the environment. These toxic elements are highly stable and non-degradable in nature, enter the body through the food chain, and accumulate in live tissues (Kuppusamy et al. ) . Among these, nickel(II) and cadmium(II) have attracted more attention due to their high industrial applications and thus the high possibility of their presence in aquatic systems. The major sources of cadmium(II) and nickel(II) contamination are the waste streams of electroplating, smelting, paint pigments, batteries, fertilizers, mining, and alloy industries (Lodeiro et al. ) . Prolonged exposure to cadmium(II) causes renal dysfunction, bone degeneration, liver, and blood damage. The most common adverse health effect of nickel(II) in humans is an allergic reaction; large amounts of nickel(II) can cause lung and nasal sinus cancers. The EPA allowable limitation in drinking water is not exceeding 0.005 and 0.04 mg/L for cadmium(II) and nickel(II), respectively (Sheng et al. ) . Therefore, modern treatment technologies are needed to eliminate or separate these pollutants from waters or wastewaters.
Conventional methods including chemical precipitation,
filtration, ion exchange, electrochemical treatments, or membrane technologies may be ineffective or extremely expensive, especially at relatively low metal concentrations (Herrero et al. ; Sedighi et al. ) . Biosorption is known to be a promising technique that has been introduced in the past few decades for treating heavy metal contaminated waters (Yang ; Sheng et al. ) . Lowcost operations, high efficiency, and minimizing of chemical and/or biological sludge are the major advantages of biosorption over conventional treatment methods (Sheng et al. ; Nirmal Kumar et al. ) . According to local enquiries, preparing active carbon costs $50 per kg, ion exchange resin $1 per liter, and evaporation processes incur heavy costs due to fuel consumption, which is not economical. In addition, treating the chemical sludge is more difficult, costly, and sometimes impossible, whereas the biomass can be employed in native form without any modifications. In comparison to ion exchange processes, biosorption, as the most widely applied process in heavy metal treatment, needs the same equipment (i.e., pipes, columns, etc.) while biosorbents can be at least a tenth cheaper (Volesky & Naja ) . This information confirms the low-cost operation using biosorption.
The biosorption method employs living or non-living microorganisms and includes a passive mechanism, independent of cell metabolism, for heavy metal sequestering from aqueous solutions (Romera et al. ) . Many researchers have shown that non-living biomass may be even more effective than living cells ( Jafari & Cheraghi ) . Because these materials are essentially dead, there is no need for nutrition and low concerns about metal toxicity on biomass.
In addition, there is no need to budget for preparing conditions for biomass growth (Sheng et al. ) . Different types of biomass have already been employed in biosorption processes, such as bacteria (Selatnia et al. ; Jafari & Cheraghi ) yeasts, and algae (Hashim & Chu ; Nirmal Kumar et al. ) . Vast ranges of seaweed biomass have also been proved highly effective in the removal of these pollutants from aqueous solutions. They are found abundantly in seas and oceans. High availability, especially in coastal cities, has made this biomass a cheap and costeffective biosorbent. Cost-effectiveness is the main attraction of heavy metal biosorption (Vieira & Volesky ) . Seaweeds are self-growing in large quantities and can be employed in native forms, unlike the synthesis sorbents such as activated carbon and ion exchange that include high preparation and pretreatment costs. Among these, brown seaweeds exhibit much higher metal uptake quantities than other types of seaweeds -red and green (Davis Langmuir and Freundlich isotherm models were employed to describe the equilibrium experimental data.
MATERIALS AND METHODS

Heavy metal solution preparation
Cadmium(II) and nickel(II) solutions were prepared by dissolving required quantities of cadmium nitrate tetrahydrate and nickel nitrate hexahydrate (Merck, Germany) in double distilled water. The pH of the solutions was adjusted to required values with 0.1 M HCl and 1 M NaOH using a pH meter. All glassware was soaked in 10% HNO 3 followed by rinsing with tap water and distilled water before use.
Biomass preparation
The biomass of green seaweed, Enteromorpha, was collected during April 2013 on the Bushehr coast, Iran, Persian Gulf. 
where C i and C e are the initial and final metal ion concentrations (mg/L), respectively. All of the experiments were carried out in triplicate and confidence intervals (CI) of 95%
were calculated for each set of samples. Some biomass free blank tests were conducted simultaneously with the same runs in order to assess the effect of glass on metal uptake.
Optimization of the independent variables using RSM
The effect of three independent factors including temperature, pH, and biosorbent concentration was investigated on process performance. An initial metal concentration of 100 mg/L and optimum contact time of 70 and 50 min were considered for nickel(II) and cadmium(ІІ) biosorption experiments, respectively. An experimental design was conducted by RSM under Box-Behnken design, which considers three levels for each factor (Table 1) 
where x i , x 2 i , and x i x j are the linear, square, and the interaction effects of independent factors, β 0 , β i , β ii , β ij and are the constant, linear, square, and the interaction effect coefficients. The maximum response is obtained by solving Equation (2) at optimum values of factors.
Equilibrium isotherm studies
The biosorption isotherm experiments were performed as Biomass concentration (mg/L) (C) 100 550 1,000 sorption isotherms were evaluated for analysis of the equilibrium data.
RESULTS AND DISCUSSION
Effect of contact time on nickel and cadmium biosorption One of the major parameters that influences the rate of biosorption of metals is contact time (Sari & Tuzen ) . Table 2 . The analysis of variance for Equation (2) is shown in Table 3 . Using the coefficients determined, the predicted model in terms of actual factors for nickel(II) and cadmium(II) ions removal (response) is given in Equations (3) and (4), respectively. The results of multiple linear regressions conducted for the second-order response surface model are given in Table 3 . The significance of each coefficient was determined by P-values, which are listed in Table 3 . The larger the magnitude of the tvalue and smaller the P-value, the more significant is the corresponding coefficient. Values of 'Prob > F' less than 0.05
indicates that model terms are significant (Namdeti & Pulipati ) . In this case, A, B, C, AA, BB, AB, AC, BC are significant (3) and (4) is shown in Table 4 . The F-value, which is a ratio of the mean square due to regression to the mean square due to error, is converted into its corresponding P-value. 
Effects of independent parameters on nickel(II) biosorption
Response surface plots as a function of two factors at a fixed contact time, maintaining all other factors at fixed levels are more helpful in understanding both the main and the interaction effects of these two factors. The response surface curves were plotted to understand the interaction of the variables and to determine the optimum level of each variable an interaction between sorbent content and temperature for nickel(II) biosorption.
As can be seen in Figure 5 , pH and biomass concentration are important factors in biosorption efficiency. 
Effect of independent parameters on cadmium(II) biosorption
As can be seen in Figure 6 , the interaction of temperature and pH is not significant. Table 5 . The verification tests included some runs at optimum points as well as some others at random points. It can be seen that there is a significantly good adjacency between the experimental runs and predicted values by RSM. The small percentage error values also confirmed this (E < 12.5%).
Equilibrium isotherm models
For characterizing the biosorbent it is necessary to obtain an appropriate correlation for the equilibrium data. Two conventional isotherm models, Langmuir and Freundlich, were employed for describing the experimental data.
The Langmuir model is based on a monolayer sorption on a homogeneous surface without interaction between adsorbed molecules ( Jafari & Cheraghi ) . The attraction between molecules decreases as they get further from the sorption surface. The linear form of the Langmuir model is presented as follows (Sari & Tuzen ) :
where q max is the maximum metal biosorption capacity (mg/g) and K L (L/mg) is the Langmuir constant related to the monolayer adsorption capacity and energy of adsorption, respectively. Metal sorption capacity is calculated according to Equation (6)
where V The Freundlich isotherm model is used for describing the adsorption data on heterogeneous surfaces. The linear form of Freundlich is presented in Equation (7) (Loderia
where K f is Freundlich constant related to the biosorption capacity and 1/n is an empirical parameter related to the biosorption intensity, which varies with the heterogeneity of the material (Hashim & Chu ) .
Figures 9 and 10 illustrate the data fitting by the Langmuir and Freundlich, respectively, for both nickel(II) and cadmium(II) metals. It is clear that both the models well describe the equilibrium experimental data. However, the Freundlich model was a little more successful than the Langmuir model in the case of nickel(II) data description and cadmium(II) data were better described by the Langmuir than the Freundlich. and 75.16%, respectively. It was also found that at pH levels lower than 2.5 (highly acidic condition) and higher than 9.5 (highly alkaline condition) no significant biosorption occurred. In addition, increasing biosorbent concentration increased the removal percentage for both of the metal ions. The Freundlich and Langmuir isotherm models well described the equilibrium experimental data of nickel(II) and cadmium(II), respectively. According to the Langmuir model, the maximum metal uptake capacities, q max , for nickel(II) and cadmium(II) ions were found to be 250 and 167 mg/g, respectively, under optimum conditions.
It can be concluded that the biomass of Enteromorpha is a potent biosorbent for nickel(II) and cadmium(II) removal from aqueous solutions. The high availability on the Bushehr coast, Persian Gulf, and the lack of necessity for specific pretreatments makes this biomass an economic biosorbent for treatment of nickel(II) and cadmium(II) contaminated water or wastewater. 
